Introduction
Understanding of the climate change in recent decades is important for the prediction of the future climate. There are much research concerning decadal change of the summer climate in the East Asia. Nitta and Hu (1996) made EOF analysis of JJA (June, July, and August) precipitation using observational data. The first EOF mode of the precipitation has a maximum over Yangtze River basin and a large negative value over Yellow River basin. The time coefficient of this first mode is linearly increasing from 1958 1994. Moreover, they discuss correlation of the time coefficient with SST and geopotential height. The correlation pattern of 500 hPa geopotential height with the time coefficient looks like the Pacific-Japan (PJ) teleconnection pattern described by Nitta (1987) . In the mid-and high-latitude region, the pattern also resembles the Eurasian (EU) teleconnection pattern which is positive in West Europe and central Asia, while negative in East Europe and West Asia (Wallace and Gutzler 1981) .
Many other works such as Inoue (2003) , Yasunari (2003) , and Yatagai and Yasunari (1995) also show the similar precipitation change in the East Asia by analyzing observational data. Yasunari (2003) suggests that the change in land surface condition may be part of the cause for the expansion of dry climate over the Yellow River basin. Yasunari (2003) also points out that the westward displacement of the subtropical high in the western North Pacific causes more transportation of water vapor over the Yangtze River basin. Inoue (2003) explains that this dry and wet climate change corresponds to the seasonal delay of Baiu front northward movement in the recent years which is shown by Sato and Takahashi (2001) . This delay is thought to be related with the strengthened Okhotsk high. All these data analyses agree about the decadal climate change, but what extent these mechanisms contribute to the change is still unclear.
This study discusses recent climate trend in the East Asia during the Baiu season (June) of 1979 2003. The relationship among precipitation, atmospheric field, and surface temperature is examined not only by analyzing data, but also by using a linearized primitive model.
Data
Data used in this study includes precipitation estimated by rain guage data and satellite data (Xie and Arkin 1996) and reanalysis data made by the National Centers for Environmental Prediction/National Center for Atmospheric Research. Observation based data such as surface pressure and land surface temperature (sea surface temperature) created by the Climatic Research Unit of the University of East Anglia (Jones 1987 ) is also used to verify the consistency between the reanalysis data and observation.
The climate trend
The June precipitation trend from 1979 2003 is shown in Fig. 1 . In this study, the trend is defined as a change for the 25 years on a best fit straight line of a precipitation time series (a linear trend). This definition eliminates interannual variability. The thick black lines show the trend that is statistically significant at the level of 95%. The precipitation is significantly decreasing around the northeastern part of China including the Yellow River basin and increasing along the Baiu frontal zone (the southeastern part of China and Japan) including the Yangtze River basin. This trend is similar to the change described in Section 1. There is also the significant precipitation decrease around Philippines and the increase in the western part of Siberia.
The precipitation trend of JJA for the 25 years is similar to that of June (not shown). The JJA precipitation increases along the Baiu frontal zone and in the western part of Siberia, while decreases around the northeastern part of China and Philippines. Since the precipitation trend of July and August is relatively small compared to that of June, this study focuses on June.
The precipitation trend of June is closely related with the atmospheric pressure trend. In order to speculate how the change occurs, the three dimensional structure of the atmosphere is considered. Figure 3 shows the geopotential height trend (shade) and the wave activity flux (arrow) defined by Takaya and Nakamura (2001) at 300 hPa. The high pressure trend around Mongolia and the low pressure trend in China have barotropic structure. The wave activity flux implies the importance of the Rossby wave propagation from western part of Siberia and Tibetan Plateau to Mongolia and China. On the other hand, the pressure trend around Philippines has baroclinic structure. This suggests that the decrease of the latent heat, which corresponds to the precipitation decrease around Philippines thermodynamically balances with a downward motion. This causes divergence at the lower troposphere and convergence at the upper troposphere. The pressure trend around the south of Japan also has baroclinic structure. Therefore, the pressure trend is the combination of barotropic structure in the midlatitudes and the baroclinic structure in the subtropics.
The trend of land surface temperature and sea surface temperature is also examined (Fig. 4) . There is a high temperature trend around Mongolia. This trend includes statistically important change, and may be related to the global warming. The temperature is also significantly increasing around Philippines. This is probably the result of the precipitation decrease followed by increase of sunshine. Although there are low temperature trends in the northeastern part of India and in the northeastern part of Siberia, these areas include discrepancy between the reanalysis data and the observational data (not shown). Therefore, the trend in these areas will not be discussed further. The basic state is defined as an average of the 25 years and denoted as ( ). The trend is considered as the anomaly from the basic state and denoted as ( ) . , , are nonlinear terms, which is caused by high frequency disturbances, and is a trend of apparent diabatic heating. These are considered as forcing and given externally to the model. Nonlinear terms are directly estimated using 6 hr interval data, and apparent diabatic heating is estimated as a residual of a nonlinear thermodynamic equation. Figure 5 shows the trend of apparent diabatic heating at 500 hPa for the 25 years, which corresponds well with the precipitation trend. Note that the forcing along Baiu frontal zone, around Philippines, and the western part of Siberia is statistically significant. The model has 11 levels in the vertical direction with the top at 113 hPa, and the horizontal resolution is 5°interval. Rayleigh friction, Newtonian cooling, and diffusion are included. Following Branstator (1990) , the damping time is set to =10 days in all but the two lowest layers. In the next to the lowest layer the time is set to =3 days and in the lowest layer to =1 day. The strong friction at the boundary layer is a mimicking of the turbulent mixing process. The coefficient of the vertical diffusion is =1 m 2 s 1 , and the horizontal diffusion is =10 5 m 2 s 1 in this model.
A linear response problem
The linear model is integrated 30 days with the forcing imposed at the every time step. An average from days 11 to 30 is considered as a steady response to the forcing (Enomoto et al. 2003) . Figure 6 shows the response ((a) is 918 hPa geopotential height and (b) is 261 hPa geopotential height) to the trend of the diabatic heating and the nonlinear term on the whole sphere. The pressure anomaly pattern, which includes the characteristics mentioned in Section 3, is roughly reproduced. Some differences such as the anomaly in the lower layers around Mongolia may be attributed to the coarse vertical resolution and the simple parameterization of boundary layer processes.
Utilizing linearity of the equations, the contribution of local forcing at various areas is investigated. The response to forcing over the western part of Siberia and Tibetan Plateau (area surrounded by a broken line) is shown in Fig. 7 . The low pressure anomaly in the western part of Siberia, the high around Mongolia, and the low in the China are reproduced. Figure 8 shows the response to the forcing around Philippines and Japan. The baroclinic pressure anomaly around Philippines and the south of Japan is represented. The relative importance of the forcing by the nonlinear term and the diabatic heating is also investigated (not shown). The forcing by both the nonlinear terms and the diabatic heating have the impact over the western part of Siberia and Mongolia. On the other hand, the response around Philippines and Japan is mostly due to the diabatic heating.
These results support the idea that the forcing over the western part of Siberia and Tibetan Plateau plays an important role in producing the barotropic pressure trend around Mongolia and China, while the diabatic heating in Philippines and Japan is important for the baroclinic pressure trend in these areas.
The relationship between surface temperature and pressure pattern
In order to speculate the relationship between pressure trend and the surface temperature trend, interannual variability is also examined. Correlation coefficients are calculated using the difference of each individual year from the average of 25 years. Although this correlation and the trend (anomaly) mentioned in the previous sections are defined differently, it is assumed that the relationship between pressure and surface temperature is determined by the same steady dynamic equations, and the relationship does not differ in both cases.
Since the positive trend of the surface temperature that is statistically significant is found around Mongolia and Philippines (Fig.4) , the correlation coefficient between geopotential height and the average of the surface temperature in these regions is concerned. The correlation with the temperature around Mongolia (averaged in the area surrounded by a broken line) has barotropic structure, so only the 300 hPa is shown in Fig. 9 . The large positive correlation is found around Mongolia and the negative correlation in China. The correlation pattern with the temperature around Philippines shows the positive around Philippine and the negative around China and Japan at 850 hPa (Fig.  10) . The positive and the negative have baroclinic structure and has a very similar structure to the pressure trend shown in Fig. 2 and Fig. 3. 
Conclusion
Recent climate trend in the East Asia during the Baiu season of 1979 2003 is studied by analyzing the data. It is found statistically significant that the precipitation is decreasing around Philippines and over the northeastern part of China, while it is increasing along the Baiu Frontal zone and in the western Siberia. The pressure trend, which corresponds to the precipitation trend has the barotropic structure in the midlatitudes and the baroclinic structure in the subtropics. The wave activity flux implies that the Rossby wave propagations from the western part of Siberia and Tibetan Plateau are important for the barotropic structure. The baroclinic structure seems to be related with the diabatic heating.
The pressure trend is investigated by the linearized primitive model. The pressure anomaly pattern is reproduced as the linear response to the trend of the diabatic heating and the nonlinear terms for the 25 years. Using the linearity of the equations, the contribution of local forcing from various areas is examined. The results suggest that the forcing from the western part of Siberia and Tibetan Plateau is important for the barotropic pressure anomaly in the western part of Siberia, around Mongolia, and in China. On the other hand, the change in apparent diabatic heating around Philippines and the south of Japan seems to be responsible for the baroclinic pressure anomaly in these areas.
The interannual variability is also investigated to speculate the relationship between pressure and surface temperature. The result implies that the pressure trend is related with the surface temperature around Mongolia and Philippines.
In conclusion, it is found that the sea surface temperature around Philipine is closely related to the recent climate trend in the East Asia as Nitta and Hu (1996) suggested. In addition, the land surface temperature around Mongolia and the Rossby wave propagations from the western part of Siberia and Tibetan Plateau are also important for the climate trend. Fig. 9 . The correlation coefficient between 300 hPa geopotential height and surface temperature of the area surrounded by a broken line. The thick black lines show a significance level of 95%. 
